The critical situation of unwelcome frustration experienced by urban trip makers and roadside dwellers alike, calls for a very strong push by all stakeholders in the transportation sector to enhance the service performance of transportation facilities using Intelligent Transportation Systems (ITS). Needed strategies for successful ITS implementation in both developed and developing nations, include but not limited to policy formulation and planning, funding of ITS projects, development and deployment of research products, system performance measurement, optimization of the performance of existing infrastructure, capacity building, etc. which could be much promoted with research efforts. Advanced Public Transportation System (APTS) and Advanced Traveller Information System (ATIS) categories as products of research on ITS were developed with data derived from urban trip makers on captive corridors, both in Ilorin, Kwara State and Minna, Niger State, Nigeria. The fundamental basis and status of the research activities targeted at developing and deploying the ITS in Nigeria are highlighted in the paper.
INTRODUCTION 1.1 ITS Definition and Techniques
The transportation challenges experienced in most Nigerian urban centers include traffic congestion, inadequate provision of carriers for commuters in quantity and timeliness, poor traffic management, poor condition of roads, attitudinal behavior of drivers, among others. This unwanted situation calls for a strong push by stakeholders in the transportation sector to assure the deserved service performance of transportation facilities using Intelligent Transportation System (ITS) [1] . ITS combine advances in information systems, communications, sensors, and advanced modeling and algorithms to provide and also improve the performance of transportation systems for enhanced safety, efficiency and serviceability. It also assures reduction in urban congestion, while accommodating the growth in transit ridership and freight/goods movement without the need for investment in the physical facilities. ITS encompasses all elements of the transportation system -infrastructure, vehicles and users, and its application or deployment could either be vehicle or human focused or both together. The technologies generally include (a) sensors to detect traffic conditions and vehicle motions (b) wireless communications between roadway infrastructure and vehicles and among different vehicles (c) data processing and storage (d) electromechanical actuators and (e) software to implement and optimize the desired behaviours in any or all of these subsystems or the whole transportation systems. Table 1 is a list of ITS applications and technologies.
Since the introduction of ITS, there has been a proliferation of interest by the various stakeholders (government and industry) because of the assured benefits, especially in effective urban traffic congestion amelioration as well as serve as effective options for improving traffic conditions without expansion of the fixed facilities subsystem [1] . Indeed, many public transportation agencies in the developed countries, such as US, Japan, Korea, Britain, Canada and a few in the developing countries, such as India, Indonesia, Brazil and Nigeria (but to a lesser extent), have been applying ITS for technological advancements to improve their services [2] [3] [4] [5] [6] [7] [8] . It is also evidenced that ITS deployment can impact transportation system performance in six key goal areas. These include Safety -improved safety; Mobility -decreased travel time, decreased cost, improved trip planning; Efficiency -improved emergency response; Productivity -increased productivity, on-time delivery; Energy and Environment -decreased fuel consumption, decreased air pollution; Customer Satisfaction -congestion relief and increased reliability [10, 11] . However, much more benefits but less costly are probable, if other research efforts, especially based on trip information management are incorporated in the case of developing countries. This group of countries lacks the sophisticated ICT, instrumentation and even finance. The aim of this study is to give a highlight on the development and deployment of trip information ITS techniques with a view to stimulate the research effort products in tackling the mobility challenges in a developing nation, Nigeria.
Theory: ITS Deployment Strategies
The strategies that should be considered for ITS deployment are enumerated subsequently.
Policy and planning
Planning plays a fundamental role in the national, state, or local government vision for its future, which makes it mandatory that policies should be developed on how to incorporate ITS products and services in transportation planning process in order to assure the desired amelioration of related challenges in motorized and nonmotorized urban movement. There should be planning documents for ITS, such as a National/regional ITS architecture, an ITS strategic plan, a concept of operations, a long-range transportation improvement plan and the use of traffic analysis tools to assist in evaluating alternatives [11] . Figure 1 shows the various aspects involved in transportation planning which can also guide in the implementation of plan, design, development and deployment of ITS in any transportation network. These have been developed into the standard transportation planning process scheme (manual) for organized ITS deployment. The manual includes provision for (i) defining visions and goals (ii) identifying improvement/implementation strategies (iii)evaluation and prioritization of strategies (iv)project development (v) system operations and (vi) system performance monitoring [12] . 
Funding of ITS projects
Funding is key to promoting the research, development and deployment of ITS. Adequate funding has been identified as a major factor and pivotal for the successful large scale deployment of ITS. Leading ITS countries which include Japan, South Korea, and Singapore have benefitted from strong government leadership, greater funding, and an ability to successfully forge publicprivate partnerships [13] . Benefits of ITS which include increased reliability, increased productivity, improved safety and security, improved trip planning, reduced traffic congestion, reduced accident and its fatalities, reduced gas consumption, reduced emission etc have been found to far outweigh the costs and justify the investments. Overall, the benefit-cost ratio of systems-operations measures enabled by ITS has been estimated at about 9 to 1, far above the addition of conventional highway capacity, which has a benefit-cost ratio of 2.7 to 1 [13, 14] . Literature review shows that a great variety of different funding models exist which can be used to develop opportunities for funding ITS projects in Nigeria, these include [9, 11, 15, and private sector stakeholders agree to cooperate together in the financing of services of common interest, with each contributing at a level determined by themselves. 6. Joint venture funding: where a group of public and private sector stakeholders come together to form a single legal entity to invest in and deliver ITS transport projects. 7. Special innovation funds: aimed at stimulating innovation to address grand challenges by providing support for new products, services and systems at a critical stage of their development. Selection could be on a competitive basis and the fund may be jointly financed with the private sector. 8. Funding incentives and subsidies: from the public sector to offset user or service provider costs in order to achieve a specific policy goal. 9. Sponsorship: by the private or non-profit sector to offset public sector investment and operational costs in providing infrastructure and services. 10. Special borrowing and investment arrangements:
that bridges the gap between the financial cost of a transport project and the revenue which they might generate by facilitating and promoting ways to finance and operate transport projects. 11. Dedicated funding for ITS: ring-fenced funding programmes for ITS infrastructure and services.
Research and Deployment of Research Products for Optimization of ITS
Public agencies, universities and research institutes in developed economies establish real-world refinement and the new technologies and methods that are developed have been made to thrive through the deployment of prototypes on test roads, vehicles and use in communities [17] . Thus, public agencies in concert with academic and private industry partners in the developing countries should also embark on ITS research and development programs. Robust research programs in any country incorporating a number of activities that directly support ITS deployment will indeed have a catalyzing role in the management of the complexities inherent in urban trip making without the need to necessarily expand the physical fixed facilities. Efforts targeted at the deployment of ITS smart technologies on existing infrastructure have the possibility and intent of optimizing system performance thereby improving safety, mobility, efficiency, and reliability of the nation's transportation infrastructure. Such optimization effort should include; an integrated approach to synchronize the performance of existing infrastructure through the various transportation system management (TSM) strategies, including implementation of multimodal, intermodal and often cross-jurisdictional systems, services and projects. The performance optimization of fixed-time traffic signalization schemes through informed monitoring and improvement of phase timings or by replacing them with vehicle actuated signalization or coordinated signalization schemes cannot be ruled out. Other TSM measures include the installation of Close Circuit Television (CCTV), use of probe vehicles for surveillance, incident detection and safe monitoring of the roads.
Performance Evaluation System for ITS Deployment
Operational performance measures should be incorporated in a deployed ITS. The performance measures provide the parameters with which to answer questions about whether the performance of the transportation system is getting better or worse, instantly or over time; and whether transportation investments are correlated or linked to stated goals and objectives of transportation planning, and most especially in meeting public goals and expectations. Thus, avenues should be created to obtain feedback from the public on deployed ITS facilities, because the concerns and issues of everyone with a stake in transportation would be identified and addressed in the development of ITS policies, programs, and projects being proposed in their communities [12] . Public involvement enhances good decision making, creates awareness and the goodwill of the benefitting community. 
Web-based Advanced Traveler Information System for Minna metropolis, Nigeria
The dearth of detailed and explicit information on transportation routes and systems which are necessary to make informed decisions on a trip have, almost all the times, caused unnecessary delays, anxiety, extra cost and even at times jeopardized the safety of travelers when using the transportation route or system especially for the first time. 
Phase III -Future Research Works
With the modest achievements of efforts made in ITS research and development it is obvious that improving the efficiency and modernization of public transportation practice and operations in Nigeria, can be further promoted with future research works. Essentially, in the aspect of trip information management these will include (1) closing the AVLE gap mentioned in Phase II and installation of some test vehicles with AVLE with the sole aim of deploying the APTS technology on the studied corridors and (2) developing a traffic monitoring system to provide real-time information on traffic conditions.
RESULTS AND DISCUSSION 3.1 Terminals and Travel Routes
Based on the outcome of the origin-destination survey, seventeen terminals were identified in the study on Ilorin while the study on Minna revealed five terminals in the study area. The terminals were used to define the routes serviced by the developed softwares; a travel route being a link between two terminals. Sixty travel routes were thus identified for Ilorin while the terminals in the study on Minna were used to define the two routes (Route 1 and Route 2) in the study. The DGD of the travel routes as displayed to the user are shown in Fig. 2 for Ilorin and Fig. 3 for Minna.
Departure Time Survey
In the APTS for Ilorin; on Route 1 which is from Unilorin P.S Terminal to Challenge Bus Terminal, a total of 122, 116, and 122 trips were recorded on day 1, day 2, and day 3, respectively, while on Route 2 which is from Post Office Terminal to Oja Oba Terminal, 63, 70, and 64 trips were recorded on day 1, day 2, and day 3, respectively. The collected data from the 3-day departure time survey were analyzed and summarized as given in Tables 2 and  3 . Table 2 shows the number of buses that depart Unilorin PS Terminal to Challenge Bus Terminal (Route 1) within the specified period of the day, while Table 3 shows the number of buses that depart Post Office Terminal for Oja Oba Terminal (Route 2) within the specified period of the day. From Table 3 , since an average of 11 buses (filled to capacity) depart between 7.00 am and 9.00 am, it is deduced that eleven buses will be needed along Route 1 to meet the travel demand of commuters along the route, and the buses will need to be supplied between the period of 7.00 am and 9.00 am at 10 min interval. Similarly, 14 buses will be needed between the period of 9.00 am and 11.00 am at 9 min interval, 15 buses between the period of 11.00 am and 1.00 pm at 8 min interval, 23 buses between 1.00 pm and 3.00 pm at 5 min interval, 32 buses between 3.00 pm and 5.00 pm at 4 min interval, and 27 buses between the period of 5.00 pm and 7.00 pm at 4 min interval. From Table 4 , an average of 19 buses at 6 min interval can be economically supplied between 7.00 am and 9.00 am, eight buses at 15 min interval between 9.00 am and 11.00 am, nine buses between 11.00 am and 1.00 pm at 13 min interval, another nine buses between 1.00 pm and 3.00 pm at 13 min interval; seven buses between 3.00 pm and 5.00 pm at 17 min interval, and 17 buses between 5.00 pm and 7.00 pm at 7 min interval. The approach described above is used to determine and generate the data on the required number of buses and their departure schedule that will be adequate to meet the demand of the commuting community along the remaining routes [17] . .00 -1.00 pm 9 7 12 9 1.00 -3.00 pm 9 10 9 9 3.00 -5.00 pm 6 7 9 7 5.00 -7.00 pm 14 21 16 17 In the study on Minna APTS, Table 4 shows the number of seats/buses that depart Bosso FUT Bus Park to Gidan Kwano FUT Bus Stop (Route 1) within the specified period of the day, while Table 5 shows the number of buses/seats that depart Gidan Kwano FUT Gate Bus Stop to Gidan Kwano FUT Bus Park (Route 2) within the specified period of the day. In Table 4 Figure 4 and Figure 5 respectively in the case of Ilorin APTS. Figure 6 shows the booking and ticketing process in Minna APTS. Table 6 for Transit A and Transit B respectively. The home page of the ATIS website is shown in Fig. 7 . Fig. 8 is the screenprint showing necessary information for trip booking while Fig. 9 is a drive direction as displayed by the Google Map embedded in the developed website. Table 7 using regression analyses. The equations were subsequently used to determine the projected populations of the two communities as shown in Table 7 In (1) and (2) y is the population and x is the number of years. Source: Adapted [20, 21, 22, 23, 24, 25, 26, 27, 28, 29] Relating the data in Tables 2 -Table 5 
Deployment of Developed ITS Research Products
The deployment of the developed APTS in the two cities of Ilorin and Minna will need the cooperation of The potential benefits derivable from the research products include the following: 1. Trip planning by commuters is enhanced as the assurance of availability of bus seat is guaranteed once a passenger has been successfully booked for a trip 2. Better predictable time of departure and arrival of vehicles at bus stop resulting from bus scheduling 3. The electronic fare payment/ticketing encourages e-transact and will reduce if not eliminate the present payment by cash at the bus entrance which often leads to disorderliness of commuters especially when the commuter does not have the exact transport fare which will necessitate collecting a balance/change which may not be available with the conductor. 4. The ATIS promotes route guidance and information on estimated travel time, provides travelers information on intercity transport services to and from Minna and available hotel accommodation in the city among others. Bookings for hotels and trips can also be made on line.
3.6. Guidebook Guidebook should be developed to inform transportation operators and engineers of available ITS technologies and to provide them with useful guidance on how to evaluate, select, and effectively deploy ITS technologies that will best meet the needs of the roadway users in Nigeria [11, 14] .
3.7. Capacity Building ITS projects involve application of engineering, electronics and computer information technology principles. Thus, the human resource needs for ITS projects vary significantly from the traditional transportation engineering projects in terms of facility, construction and operations to the sophisticated ICT utilization. There is therefore the need to provide necessary training for staff on the planning, design, installation, operation and maintenance of ITS facilities. The experience from the research efforts affirms the need for synergy of the skills of the transportation engineers, ICT resource persons, transportation managers and planners among others to promote ITS.
Technical Integration
There should be a forum for transportation stakeholders for discussing issues on ITS. Systems should be developed that allow information sharing and coordination among federal, state and local government agencies and private firms that would use the avenue for pursuing ITS market opportunities.
4. CONCLUSION Transportation in Nigeria can be improved through the deployment of Intelligent Transportation System (ITS) on our transport infrastructures. The ATPS and ATIS research products are demonstration of efforts geared towards the deployment of ITS in enhancing transportation in Nigeria. The ITS research products and others should be developed, deployed and their performance evaluated for improved efficiency.
